
A 4 

KS 04079 

'by 

r .  

BELLCOMM, INC. 
955 L'ENFANT PLAZA NORTH, S.W. 

SUBJECT: Analys is  of Work/Rest Cycles i n  t h e  DATE: A p r i l  2 3 ,  1 9 6 9  

WASHINGTON, D.C. 20024 

Lunar Environs fo r  the  H1 Mission 
- Case 320 FROM: P. Benjamin 

ABSTRACT 

The sequencing of work and res t  p e r i o d s  between Lunar 
O r b i t  I n s e r t i o n  ( L O I )  and Trans Ea r th  I n j e c t i o n  ( T E I )  f o r  t h e  
H1 mission i s  examined i n  d e t a i l .  Three c o n f i g u r a t i o n s ,  each 
us ing  a 2 : l  r a t i o  of work t o  rest, are examined--the normal 
16/8 work/rest  c y c l e ,  8/4 work/rest  on t h e  s u r f a c e ,  and a f u l l  
8/4 c y c l e  throughout.  Evaluat ion of t h e  p o s s i b l e  permutat ions 
relates t i m e l i n e  schedul ing  t o  crew performance. 

I t  i s  concluded t h a t  fo r  a f u l l  16/8 c y c l e ,  s l e e p  
between the t w o  scheduled EVA'S and i n  o r b i t  p r i o r  t o  T E I  pro- 
v ides  t h e  b e s t  p r o b a b i l i t y  of high c r e w  performance. With an 
8/4 c y c l e  on the s u r f a c e  only,  s l e e p  before EVA p l ans  are 
p r e f e r r e d .  The f u l l  8/4 mode has only a s i n g l e  p l a n  w i t h  no 
o p t i o n s ,  as a r e s u l t  of t h e  requirement t o  s l e e p  before and 
a f te r  each block of  a c t i v i t i e s .  T h i s  c y c l e ,  w i t h  t h r e e  l u n a r  
s u r f a c e  s l e e p  p e r i o d s ,  provides  accep tab le  performance a t  t h e  
expense of a longer  s u r f a c e  s t a y .  
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MEMORANDUM FOR F I L E  

I n t r o d u c t i o n  

I n  cons ide r ing  p o s s i b l e  work/ res t  c y c l e s  i n  t h e  l u n a r  
env i rons  f o r  t h e  H1 miss ion ,  t h r e e  c o n f i g u r a t i o n s  a r e  examined 
he re ,  each us ing  a 2:l r a t i o  of  work t o  rest. The f i r s t  mode 
uses  a 16/8 work/ res t  c y c l e  s imi l a r  t o  a normal e a r t h  working 
day. The second uses  t h e  1 6 / 8  c y c l e  i n  l u n a r  o r b i t  and an 8/4 
work/ res t  c y c l e  on t h e  su r face .  The t h i r d  mode uses  an  8 / 4  
c y c l e  throughout.  Emphasis is upon examination of t h e  e f f e c t s  
of schedul ing  t h e  s u r f a c e  s l e e p  pe r iod  ( o r  p e r i o d s )  b e f o r e ,  
a f t e r ,  o r  between t h e  two E V A ' s .  A l l  p o s s i b l e  permutat ions 
a r e  examined and eva lua ted  using t h e  techniques  and restric- 
t i o n s  desc r ibed  i n  a previous memorandum by t h e  au thor .*  
N o  d i s t i n c t i o n  is made between preplanned t i m e l i n e s  and r ea l  
t i m e  mod i f i ca t ions ,  although t h e  combinations presented  i n c l u d e  
both  sets. 

T i m e  l i n e s  

The t i m e l i n e  p r i o r  t o  TD i s  he ld  i n v a r i a n t  f o r  a l l  
permutat ions except  f o r  t h e  f u l l  8/4 c y c l e  conf igu ra t ion .  A 
two-burn LO1 and s p l i t  LM a c t i v a t i o n  and checkout w i t h  a 7.5 
hour  s l e e p  pe r iod  between t h e  t w o  p o r t i o n s  of checkout are 
assumed. T i m e  awake a t  TD is  taken as 6 . 5  hours  f o r  a l l  modes, 
and t h e  f i r s t  o p t i o n  p o i n t  i s  a t  t h e  completion of p o s t  TD 
checks and e a t i n g ,  2 hours  a f t e r  TD. 

F igure  1 shows the  o p t i o n s  a v a i l a b l e  wi th  a 16/8 work/ 
rest  cyc le .  E i t h e r  EVA o r  s l e e p  may fol low t h e  p o s t  TD checks.  
I f  s l e e p  occurs  a t  t h i s  p o i n t ,  both E V A ' s  must fol low and no 
f u r t h e r  op t ions  are ava i l ab le .  Des igna t ing  an EVA wi th  a 
l e t t e r  "E" and a s l e e p  per iod  w i t h  an ' IS" t h i s  op t ion  may be 
i d e n t i f i e d  as SEE t o  show t h a t  a s l e e p  pe r iod  i s  followed by two 
EVA'S.  I f  EVA occurs  f i r s t  on t h e  s u r f a c e  two f u r t h e r  o p t i o n s  
a r e  a v a i l a b l e .  S l eep  may f a l l  between t h e  two EVA'S ( o p t i o n  ESE) 
o r  a f t e r  t h e  E V A ' s  ( op t ion  EES). A s imi l a r  s e t  of a l t e r n a t i v e s  
is  a v a i l a b l e  a t  t h e  completion of docking and I V T .  S l eep  may 

*P. Benjamin, "An Analysis  of Work/Rest Cycles and C r e w  
Performance f o r  Various Lunar Environs Timeline Conf igu ra t ions , "  
Bellcomm Technical  Memorandum TM-69-2033-1, March 3, 1 9 6 9 .  



BELLCOMM. I N C .  -2- 

e i t h e r  precede o r  fol low T E I .  Designat ing T E I  w i th  a "T" t h e  
two permutat ions a v a i l a b l e  f o r  t h e  s l e e p  f i r s t  on t h e  s u r f a c e  
op t ion  may be coded a s  SEETS and SEEST. The  s i x  permutat ions 
of t h e  16/8 work/rest  cyc le  a r e  eva lua ted  below. 

If a 16/8 w o r k / r e s t  c y c l e  i s  t o  be maintained i n  o r b i t  
b u t  an 8 /4  c y c l e  adopted on t h e  s u r f a c e  t h e  combinations a v a i l -  
a b l e  a r e  p re sen ted  i n  F igure  2 .  The t i m e l i n e  p r i o r  t o  TD and 
fo l lowing  LO is i d e n t i c a l  t o  t h a t  shown f o r  t h e  f u l l  16/8 c y c l e  
case d i scussed  above. The s u r f a c e  t i m e l i n e  allows two s h o r t  
"ca tnaps"  of 4 hours d u r a t i o n  e i t h e r  t o  precede  or  t o  fo l low t h e  
two E V A ' s .  

Only one t i m e l i n e  i s  p o s s i b l e  when t h e  8 /4  work/ res t  
c y c l e  i s  used throughout a s  shown i n  F igure  3 .  I n  t h i s  case 
t h e r e  are t h r e e  s l e e p  pe r iods  on t h e  s u r f a c e ,  ex tending  t h e  
l u n a r  s u r f a c e  s t a y  t i m e .  
(and another  fo l low)  T E I .  

A s h o r t  s l e e p  pe r iod  must a l so  precede  

Evalua t ion  

A s  i s  c l e a r  f rom t h e  t i m e  mat r ix ,  Table  1, t w o  l u n a r  
o r b i t  t i m e s  r e s u l t  from most of t h e  permutat ions s t u d i e d .  The 
s h o r t e r  t i m e  of 58 hours  corresponds i n  a l l  ca ses  t o  t h e  use of 
a s l e e p  a f t e r  T E I  o p t i o n  and t h e  longer  6 6  hour t i m e  r e s u l t s  from 
a s l e e p  b e f o r e  T E I  op t ion .  The f u l l  8 / 4  c y c l e  l u n a r  o r b i t  t i m e  
f a l l s  between t h e s e  two t i m e s ,  a t  6 2  hours .  Thus if a s h o r t  
l u n a r  o r b i t  t i m e  i s  desired the  s l e e p  a f t e r  T E I  o p t i o n  must be 
adopted. 

A l u n a r  s u r f a c e  s t a y  t i m e  of  2 8  hours r e s u l t s  i n  a l l  
c a s e s  except  t h e  f u l l  8/4 cyc le ,  which r e q u i r e s  t h e  e x t r a  4 hours  
a s s o c i a t e d  wi th  t h e  t h i r d  s l e e p  pe r iod .  Thus p o s i t i o n i n g  of t h e  
s l e e p  pe r iods  does n o t  a f f e c t  t h e  length  of t h e  s u r f a c e  s t a y .  

An examination of t h e  l o n g e s t  and s h o r t e s t  days,  i n d i -  
c a t e d  i n  Table  1, shows t h a t  only t h e  ESEST o p t i o n  of t h e  1 6 / 8  
mode adheres  t o  t h e  nominal work/rest  c y c l e .  The ESETS and SEETS 
o p t i o n s  both  have long LO days, s i n c e  t h e r e  i s  no s l e e p  pe r iod  
between t h e  l a s t  EVA and T E I .  The two op t ions  which only 
schedu le  s l e e p  a f t e r  completion of bo th  E V A ' s ,  EESST and EESTS, 
have long TD days,  and t h e  remaining permutat ion,  SEEST, schedules  
bo th  E V A ' s  and a s c e n t  i n t o  a long LO day. 

For t h e  mode which swi tches  t o  an 8 /4  c y c l e  on t h e  
s u r f a c e  t h e  long day i s  TD day f o r  t h e  two ES op t ions  and LO 
day f o r  t h e  t w o  SE op t ions .  I n  a l l  ca ses  an 8 hour s l e e p  
p e r i o d  e i t h e r  precedes or fol lows t h e  long day. Thus i n  t h r e e  
o f  t h e  f o u r  cases  t h e  long 1 6  hour  day shown i n  Table  1 occurs  
i n  t h e  t r a n s i t i o n  between t h e  16/8 and 8/4 c y c l e s .  The f o u r t h  
case has a very long,  non-nominal day even fo r  a 16/8 cyc le .  
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The p o s s i b i l i t y  of  performance decrement due t o  longe r  
than nominal t i m e s  awake a t  c r i t i c a l  even t s  is r e f l e c t e d  i n  t h e  
lower p o r t i o n  of Table 1. The two 16/8 c y c l e  p l ans  which per-  
form two E V A ' s  b e f o r e  s l eep ing  each show t h e  p o s s i b i l i t y  of 
reduced performance l e v e l  dur ing  t h e  second EVA. The p l an  which 
ca l l s  f o r  s l e e p  before both  E V A ' s  r e s u l t s  i n  a l a r g e  awake t i m e  
a t  docking, a very c r i t i c a l  maneuver, w h i l e  i n  t h e  ESETS p l a n ,  
T E I ,  t h e  l eas t  demanding event l i s t e d ,  i n  terms of  crew p e r f o r -  
mance, i s  scheduled a t  the end of a long day. Of t h e  16/8 work/ 
rest  c y c l e  permutat ions only ESEST provides  nominal performance 
(as  r e f l e c t e d  i n  awake t i m e s )  throughout .  

O f  t h e  p l ans  which provide  an 8/4 c y c l e  on t h e  s u r f a c e  
only ,  docking i s  performed 1 3  hours  a f t e r  a short  4 hour s l e e p  
f o r  both p l ans  which sequence t h e  "catnaps" be fo re  EVA. I n  
a d d i t i o n ,  t h e  SE,TS p l a n  c a l l s  f o r  T E I  18.75 hours  a f t e r  a s h o r t  
s l e e p .  Thus t h e  EVA f i r s t  8/4 s u r f a c e  c y c l e  p l ans  provide t h e  
b e s t  p r o b a b i l i t y  of high crew performance. T h e  ES,ST op t ion  
provides  very good performance p r e d i c t i o n s  and t h e  ES,TS o p t i o n ,  
w i t h  a shorter  l u n a r  o r b i t  t i m e ,  i s  o f f  nominal only w i t h  an 1 1 . 2 5  
hours  awake f i g u r e  a t  T E I .  The f u l l  8/4 c y c l e  throughout r e s u l t s  
i n  e x c e l l e n t  t i m e  s i n c e  sleep f i g u r e s  a t  a l l  even t s .  

Summary 

I f  only a 16/8 w o r k / r e s t  c y c l e  i s  pe rmi t t ed  on t h e  H1 
miss ion ,  s l e e p i n g  between t h e  t w o  EVA pe r iods  and i n  o r b i t  p r i o r  
t o  T E I  p rovides  t h e  best  p r o b a b i l i t y  of high c r e w  performance. 
I f  an 8/4  cyc le  i s  adopted on t h e  luna r  s u r f a c e  only ,  p l ans  
which have s l e e p  scheduled a f t e r  EVA r e s u l t  i n  be t te r  performance 
f i g u r e s  than  s l e e p  before EVA p l a n s .  S leep  be fo re  T E I  f o r  t h e s e  
p l ans  provides  nominal performance throughout ,  w h i l e  s l e e p  a f t e r  
T E I  r e s u l t s  i n  a s h o r t e r  l una r  o r b i t  t i m e  b u t  a s l i g h t l y  h ighe r  
chance of decreased performance a t  T E I .  I f  an 8 / 4  w o r k / r e s t  c y c l e  
i s  adopted throughout the luna r  envi rons  t i m e l i n e s ,  good pe r fo r -  
mance f i g u r e s  a t  a l l  even t s  r e s u l t ,  b u t  t h e  three s u r f a c e  s l e e p  
p e r i o d s  r e s u l t  i n  a longer  luna r  s u r f a c e  s t a y .  

2033-PF-scs 

A t  tachmen ts 
F igures  1, 2 ,  3 
Table 1 

copy to :  
(See n e x t  page) 
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